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Appendix A

Instruments

A1. Sample Preparation

SN\

Figure A1 ' 00/8410 Paint Mixer

Figure A1.2 Twin screw extruder : TSE systems, Thermo Prism

111
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Figure A1.

Compression molding m@«

A PN EY
B3

K

o

Figure A1.7
Plastic sample cutting machine
. Izod Impact Notcher
Figure A1.6 Contour holder of Yasuda Seiki No.189-PFN
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A2. Mechanical Property

Figure A2.1 et e Figure A2.2

Grips of tensile testing for L | _ a cessory for support the specimen

Figure A2.3 Figure A2.4
Tensile and flexural testing machine Impact testing machine
: Universal Testing Machine : 1zod Impact Tester, Yasuda Seiki No.258-D

LLOYD LR 100K, LLOYD Instruments



A3. Physical Property

Figure A3.1 Scanning
- JSM - 5410 Lv*cag

s

Figure A:ﬁ Laser pai

; Mast&izer S long bed
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Figure A3.2
Melt index tester

model 7053 of Kayeness Inc.

Ver. 2.11 Serial Number : 32734 — 89

YHINYNTNEINS

A4. Thermal Ptéperty

Figure A4 Differential scanning calorimetry (DSC)

: DSC 822° of Mettler Toledo Ltd.
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Appendix B

Specimen Dimensions for Mechanical Properties Testing

Table B1 The specimen dimension of the tensile testing

Positions Specimen Dimension
(See drawings) mm (in.)
T - Thickness ” J ‘ 4 (0.16) or under
W - Width of narrow section - 7Y . = 6 (0.25)
L - Length of narrow SeCtionmmmmmm )| —— 33 (1.30)

WO - Width overall, min® 19 (0.75)

/M \
LO - Length overall, min°* ////‘ \\\\\ 115 (4.5)
G - Gauge length ///5@ \\\\\ 25 (1.00)

D - Distance between gr| 'lllk ’\\\\\ 65 (2.5)
R - Radius of fillet I I Eg \\\\ 14 (0.56)
RO - Outer radius % ﬂ\\\ 25 (1.00)

¢ Overall widths greater than the minimum i

g for \

%

aterials in order to avoid breaking in the grips.
b
Overall lengths greater than the minim her 10 avoid breaking in the grips or to satisfy special

test requirements.

q WW ammupwm BHISY

Table B2 The specimen dimension of the flexural testing

Positions Specimen Dimension
(See drawings) (mm)
D - Depth 3.2 orless
W - Width 12.7
S - Support span At least 80%




116

A k.
2 2

L
SUPPORY  SPaN

Figure B2 The specimen of the flexural testing

Table B3 The specimen dimensi pe impact testing

Positions ' / ~ Specimen Dimension
(See a drawing in & e ——

A7 N *‘M_' 10.16 + 0.05 mm
'Y/ m %0.400 + 0.002 in.

3.0-12.7mm

0.118 - 0.500 in.

64 + 2 mm

2.50 + 0.08in.

254 +0.2mm

0.1in.

12.7 £ 0.2 mm

5?00 +0.008 in.

o/

ISR ¢

ESSIO
MOLDING

WIZTH OF
SPECIMEN SHALL
BE IN ACCORDANCE
WITH SECTION

Figure B3 The specimen of the izod-type impact testing
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Appendix C

Physical Appearance Characterization

188Bum

| (b) 200 X

A.."'!-‘

og(aphs DPE' powder

100im O0SO79E6

(b) 200 X

DPE powder and diarylide pigment
k. e

Figure C2 SEM micrographs gf the-dry ?Iw

NS : S
e a@ ;s 18kU X200 198um 0EDB7OS
{ ST

ARSI AU IR L e

)xaaum aneves

(a) 50 X (b) 200 X

Figure C4 SEM micrographs of the dry mixture of MDPE powder and quinacridone pigment



Appendix D
Effect of Blending Condition

118

Table D1 Tensile modulus (MPa) of colored MDPE containing PR122 (0.4 phr)
in different extrusion conditions
No. of Trial No.
Sample 1 2 4 5 Mean SD
Condition*
1 355.1 40 4.4 399.0 384.4 27.9
2 393.7 23 8.11 - 351.6 275.8 81.5
3 375.8 a8 190.6 274.1 76.6
4 189.3 3 32.7 210.3 222
5 296.1 2 206.4 260.5 33.3
6 214.0 0 31667 3.7 263.5 491
s 2275 2 4 2 08.4 227.6 19.8
8 228.0 35884 . 286.2 272.7 54.4
9 279.9 277§ : ‘ 198.3 244.6 34.5
2T AT
Table D2 Tensile sfr containing PR122
(0.4 phr) in ffer
No. of | Trial No.
Sample ' ‘ﬁm ‘ ' %# P Mean SD
Condition* ﬂ u ﬂ UV] w B ﬂ ‘i
1 27%7 28.0 27.6 27.&.‘ 28.0 Qs27.8 0.1
2 Q W? Y ATIR 35 H.s a |‘7 7 0.5
3 9 26.5 27.3 271 27.2 27.3 271 0.3
4 271 28.3 28.0 27.3 27.4 27.6 0.5
5 273 28.0 27.3 27.5 27.5 27.5 0.3
6 28.1 27.3 28.4 27.7 28.1 279 0.4
7 28.3 28.0 28.2 27.9 27.9 28.0 0.2
8 27T 28.0 28.2 27.7 28.2 27.9 0.2
9 27.8 27.8 27 27.9 27.6 27.7 0.1
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Table D3 Tensile stress at break (MPa) of colored MDPE containing PR122 (0.4 phr)
in different extrusion conditions
No. of Trial No.
Sample 1 2 3 4 5 Mean SD
Condition*
1 7.9 135 12.2 8.2 9.6 10.3 2.2
2 8.8 11.3 10.2 9.2 10.3 9.9 0.9
3 10.9 8.8 9.3 8.2 9.8 9.4 0.9
4 7.9 9.7 9.5 8.7 8.9 0.7
5 8.4 9.1 11.9 10.0 1.3
6 6.9 0. 4 8.2 7.6 0.9
7 95 - 2| - 9.1 9.4 0.5
8 11.5 12.1 11.3 1.1
9 9.4 6.9= 8.3 9.4 0.8
Table D4 Percentage strai re b containing PR122 (0.4 phr)
in different extilisioh cor A
No. of m?,
Sample 1 2 7 o0 5 Mean SD
Condition* - \
1 248.9 .6 240.5 29.0
2 47.9 260.9 29.5
3 72.0 284.3 41.8
4 ﬁ? 299.4 43.2
5 2!14.5 323.3 431
6 _la 4324 ngzls.o 77.8
7 of 3 137 100.0
8 1' 552.0 292.5 376.5 389.2 483.4 418.7 90.0
9 422.7 268.1 447 1 320.4 493.1 390.3 83.3

* 1 = Screw Speed 10 rpm, Temperature 160 °C; 2 = Screw Speed 10 rpm, Temperature 180 °C;

«© ~ (e2] w
I I I

Screw Speed 10 rpm
Screw Speed 20 rpm
Screw Speed 30 rpm
Screw Speed 30 rpm

, Temperature 200 °C; 4 = Screw Speed 20 rpm, Temperature 160 °C;

, Temperature 180 °C; 6 = Screw Speed 20 rpm, Temperature 200 °C;

, Temperature 160 °C; 8 = Screw Speed 30 rpm, Temperature 180 °C;

, Temperature 200 °C




Appendix E

Mechanical Properties Characterization

E1. Tensile Properties
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Table E1.1 Tensile modulus (MPa) of colored MDPEs

Sample* Mean SD
1 21 5

- (MDPE)/0.0/d 183.2 2455 233.2 216.9 23.4
PY/0.1/d 236.9 B 22 2249 221.0 228.6 5.8
PY/0.2/d 201.8 187.5 206.1 15.8
PY/0.3/d 270.1 04 280.1 238.9 31.1
PY/0.4/d 210.0 2 2250 48.1 242.9 237
PY/0.1/m 2354 9 257.2 221.9 237
PY/0.2/m 2392 & 2 31.3 234.3 16.7
PY/0.3/m 227.9 I 2F S 208.4 217.1 14.7
PY/0.4/m 230.1 7.4 e 211.9 224.4 12.3
PB/0.1/d 190.0 7 127 8 0 218.7 193.2 16.9
PB/0.2/d 2216 204.7 =174 0.9 227.3 203.8 19.5
PB/0.3/d 194.0 19 ) ¥ 242.3 2136 25.0
PB/0.4/d 147. 8 174.4 16.6
PB/0.1/m 275.4 9 229.1 23.4
PB/0.2/m 196.6 2 234.8 221.2 30.6
PB/0.3/m 212.1 208.0 202.6 236.6 309.0 233.6 39.4
PB/0.4/m 125
PR/0.1/d 13.1
PR/0.2/d 10.7
PR/0.3 9.8
PR/0.4/d 55.6
PR/0.1/m 30.1
PR/0.2/m 46.3
PR/0.3/m 202.5 207.2 208.0 190.6 236.1 208.9 15.0
PR/0.4/m 203.6 254.1 340.0 261.9 188.1 249.5 53.4

- (MDPE)/0.0/r 161.3 159.7 159.1 158.6 162.9 160.3 16
PY/0.4/r 162.0 171.6 163.9 212.0 147.7 1715 21.7
PB/0.4/r 176.4 155.9 148.6 150.9 168.7 160.1 10.7
PR/0.4/r 175.9 169.6 163.8 178.8 157.9 169.2 7.7




Table E1.2 Tensile stress at maximum load (MPa) of colored MDPEs

121

Sample* Trial No. Mean SD
1 2 3 4 5

- (MDPE)/0.0/d 27.8 28.1 271 27.4 27.7 27.6 0.3
PY/0.1/d 27.5 27.2 26.9 217l 27.4 272 0.2
PY/0.2/d 26.6 26.9 26.9 27.3 26.4 26.8 0.3
PY/0.3/d 27.2 26.9 27.0 26.8 26.8 26.9 0.2
PY/0.4/d 26.9 271.7 26.4 26.8 26.9 27.0 0.4
PY/0.1/m 0.1
PY/0.2/m 0.1
PY/0.3/m 0.2
PY/0.4/m 0.3
PB/0.1/d 0.3
PB/0.2/d 0.3
PB/0.3/d 0.1
PB/0.4/d 0.1
PB/0.1/m 0.3
PB/0.2/m 0.4
PB/0.3/m 0.3
PB/0.4/m 0.1
PR/0.1/d 0.3
PR/0.2/d 0.3
PR/0.3/d 0.3
PR/0.4/d 0.1
PR/0.1/m 0.3
PR/0.2/m 0.2
PR/0.3/m 0.3
PR/0.4/m 0.1
- (MDPE)/0.0/r 0.2
PY/0.4/r 0.1
PB/O0., : 0.7
l 05

PR/0.4/r
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Table E1.3 Tensile stress at break (MPa) of colored MDPEs

Sample* Trial No. Mean SD
1 2 3 4 5
- (MDPE)/0.0/d 56 5.6 5.4 55 55 55 0.1
PY/0.1/d 55 5.4 5.4 5.4 55 5.4 0.0
PY/0.2/d 5.3 5.4 5.4 55 5.3 5.4 0.1
PY/0.3/d 5.4 5.4 5.4 5.4 5.4 5.4 0.0
PY/0.4/d 5.4 55 5.3 5.4 5.4 5.4 0.1
PY/0.1/m 5.4 5.4 5.4 5.4 55 5.4 0.0
PY/0.2/m 55 55 ' 55 55 55 0.0
PY/0.3/m 55 551 5.4 5.4 0.0
PY/0.4/m 56 56 : 5.7 5.6 0.1
PB/0.1/d 5.4 ; 5.2 53 53 0.1
PB/0.2/d 53 5.2 5.2 0.1
PB/0.3/d 5.2 A . 5.2 5.2 0.0
PB/0.4/d 5.4 [ 5.3 53 0.0
PB/0.1/m 5.4 5. - k 53 5.4 0.1
PB/0.2/m 54 M 4 ™ 5.3 5.3 0.1
PB/0.3/m 5.3 0624 53 5.3 0.1
PB/0.4/m 55 5 #HT5L 5.4 55 0.0
PRI0.1/d 5.2 T 4755 5, 5.4 5.3 0.1
PRI0.2/d 5.1 1 ey 0 5.2 5.7 11
PR/0.3/d 5.3 5.2 )3, 24 5.2 5.2 0.1
PR/0.4/d 52| 5 5.2 0.0
PR/0.1/m 54 KT 4 55 0.2
PR/0.2/m 56 . Tl 55 55 0.0
PR0.3/m 55 55 5.4 53 5.4 5.4 0.1
PRI0.4/m . vz . L AR Ry 5.4 0.0
- (MDPE)/0.0/r 5 P 5.4 0.0
PY/0.4/r Y- 5.4 55 5.4 5.4 5.4 0.0
4 = J
A RIRIAS et mer | o
PR/O.4/rqi DI N0k vl 5. 13, L 0.1
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Table E1.4 Percentage strain at break (%) of colored MDPEs

Sample* Trial No. Mean SD
1 2 3 4 5

- (MDPE)/0.0/d 1228.2 1131.8 1207.4 1214.2 1286.4 1213.6 49.5
PY/0.1/d 1204.1 647.4 1021.4 594.2 680.0 829.4 240.0
PY/0.2/d 349.0 396.2 597.6 545.3 483.6 474.3 91.8
PY/0.3/d 365.2 466.2 401.5 401.5 362.5 399.4 37.4
PY/0.4/d 240.0 207.2 276.3 345.9 338.6 281.6 54.2
PY/0.1/m 1187.7 258.2
PY/0.2/m 945.4 263.8
PY/0.3/m 1177.3 132.6
PY/0.4/m 1190.6 99.1
PB/0.1/d 560.3 79.4
PB/0.2/d 642.9 87.6
PB/0.3/d 309.8 71.6
PB/0.4/d 232.6 30.0
PB/0.1/m 461.6 86.8
PB/0.2/m 342.2 44.2
PB/0.3/m 308.0 52.3
PB/0.4/m 463.8 34.0
PR/0.1/d 139.5 28.5
PR/0.2/d 61.7 12.8
PR/0.3/d 73.2 12.7

PR/0.4/d 45.9 5.2
PR/0.1/m 553.7 110.1
PR/0.2/m 379.2 35.8
PR/0.3/m 367.5 22.8
PR/0.4/m 5563.9 113.6
- (MDPE)/0.0/r 261.8 12.0
PY/0.4/r 67.8 6.8
@'.7 3.0

Lk 4 0.8

* Type / Con‘tent / Technique
Type of pigment (PY = PY83, PB = PB15, and PR = PR122),
Content of pigment (0.1, 0.2, 0.3, and 0.4 phr), and
Blending Technique or Manufacturing Process

(d = dry blending technique, m = melt blending technique, and r = Rotational Molding)
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E2. Flexural Properties
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Table E2.1 Flexural modulus (MPa) of colored MDPEs
Sample*® Trial No. Mean SD
1 2 3 4 5
-(MDPE)0.0/d | 9107 827.8 786.8 922.0 805.0 850.4 55.5
PY/0.1/d 816.7 815.1 7435 761.8 836.3 794.7 35,6
PY/0.2/d 793.8 853.1 803.2 767.8 7727 798.1 305
PY/0.3/d 796.5 848.8 970.0 1051.3 940.8 101.6
PY/0.4/d 810.9 814.1. 0 805.8 811.7 93
PY/0.1/m 835.4 8408 5 857.5 855.9 17.8
PY/0.2/m 878.2 89 ol 0127 894.2 18.0
PY/0.3/m 890.6 891.4 883.1 8.9
PY/0.4/m 903.2 5 93.2 866.9 28.3
PB/0.1/d 815.4 { 974 848.2 78.7
PB/0.2/d 765.7 7747 77358 32.1
PB/0.3/d 897.0 T PR 76.5 1028.8 220.0
PB/0.4/d 803.3 7 J % 969.3 841.2 73.0
PB/0.1/m 9115 af 2 999.5 930.2 374
PB/0.2/m 1067.7 88 = 4 1002.8 953.5 795
PB/0.3/m 886.2 875.0 We=g64 45 926.8 919.8 426
PB/0.4/m 954.2 9 884.6 906.0 38.1
PR/0.1/d 774. 2 802.4 27.3
PRI0.2/d 784. 8 809.0 17.2
PR/0.3/d 787.2 846. 8 858.2 842.4 40.1
PRI0.4/d 8574 | ¢7304 8857 | 8989 839.5 855.6 36.2
PR/0.1/m ' 0 |f"| qul" 886.9 27.7.
PR/0.2/m 1. ofd6 38, o [ThiF | o367 23.4
PR/0.3/m 873.6 929.6 60171 908R 8635 918.4 54.7
PR/0.4 \ 8 882. 9 ! Y 23 98.5 115.1
PY/0.4/r/§) 661.3 735.0 662.6 6534 | 7383 690.1 38.1
PY/0.4/r/ 653.3 668.6 733.9 730.5 709.0 699.1 326
PB/0.4/r0 7145 696.6 675.5 688.5 720.0 699.0 16.4
PB/0.4/r/ 658.2 687.7 612.0 594.2 593.0 629.0 37.7
PRI0.4/r/0 582.5 587.5 648.4 620.7 594.2 606.7 24.7
PRIO.4/r/i 572.1 545.8 573.4 544.6 559.8 559.2 12.3
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Table E 2.2 Flexural strength at maximum (MPa) of colored MDPEs

Sample* Trial No. Mean SD
1 2 3 4 5
- (MDPE)/0.0/d 18.6 18.7 185 18.8 18.8 18.7 0.1
PY/0.1/d 18.3 18.4 18.3 18.4 18.3 18.3 0.1
PY/0.2/d 18.9 18.8 184 18.4 18.8 18.7 0.2
PY/0.3/d 18.3 185 186 17.9 18.1 18.3 0.2
PY/0.4/d 186 18.3 18.1 18.0 18.3 18.2 0.2
PY/0.1/m 19.0 196 19.7 19.2 18.7 19.2 0.4
PY/0.2/m 19.6 19.6 193 19.5 19.2 19.4 0.2
PY/0.3/m 19.8 1 . 19.1 19.4 0.2
PY/0.4/m 19.2 o 19 T 19.4 19.2 0.2
PB/0.1/d 17.4 _ ) 176 175 17.6 0.2
PB/0.2/d 16.9 , 'y 17.2 17.0 0.1
PB/0.3/d 176 , 124 : 176 175 0.2
PB/0.4/d 172 v . 16.8 17.0 0.1
PB/0.1/m 192 4 ; . TE: _ 18.6 187 0.3
PB/0.2/m 18.9 1 : .‘ 18.9 18.9 0.7
PB/0.3/m 189 T b : 18.7 18.8 0.1
PB/0.4/m 185 18 Dy 1 A 186 18.4 0.2
PR/0.1/d 175 s b 7. 17.3 17.4 0.1
PR/0.2/d 16.9 171,790 7 0 17.2 17.1 0.1
PR/0.3/d 16.9 2 17.0 0.2
PR/0.4/d 18.0 ) 8 17.8 0.2
PR/0.1/m 18.8 18.7 18.7 0.1
PR/0.2/m 19.2 18.9 19.2 18.7 17.9 18.8 05
PRI0.3/m ;Fi I E‘I % : 1 1 185 oF 0APH 1 185 0.1
PR/0.4/m 9. 182 1904 g% [ bo 19.2 0.1
Pvoamo | Wro 171 | @173 175 17.4 17:2 0.2
= -
(RLTIKI LD G O
1@ g 19! kool OV It 5 0.2
PB/0.4/r/i 18.0 18.0 15.6 15.4 156 16.5 12
PR/0.4/r/0 15.8 15.1 15.3 155 15.3 15.4 0.2
PRIO.4/r/i 14.4 15.0 15.0 145 14.7 14.7 0.2

* Type / Content / Technique
Type of pigment (PY = PY83, PB = PB15, and PR = PR122),
Content of pigment (0.1, 0.2, 0.3, and 0.4 phr), and
Blending Technique or Manufacturing Process
(d = Dry blending technique, m = Melt blending technique,

r/O = Rotational Molding / Outside Surface, and r/i = Rotational Molding / Inside Surface )
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Figure E2.1 Effect of pigment contents on the flexural properties of colored MDPEs
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Figure E2.3 Effect of blending techniques and manufacturing processes

on the flexural properties of colored MDPEs (continued)



E3. Impact Properties

Table E3 Impact strength (kJ m'2) of colored MDPEs
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Sample* Trial No. Mean SD
1 2 3 4 5
- (MDPE)/0.0/d 5.1 5.0 5.0 5.2 5.0 5.1 0.1
PY/0.1/d 6.0 6.1 6.0 6.3 59 6.1 0.1
PY/0.2/d 4.9 5.2 6.2 5.9 5.0 5.4 05
PY/0.3/d 6.1 6.0 5.9 6.2 6.1 0.1
PY/0.4/d 6.0 52 o 55 56 0.4
PY/0.1/m 6.5 6.4 6.6 6.5 0.1
PY/0.2/m 6.4 65 A 6.1 6.3 0.2
PY/0.3/m 5.8 | \ 5.9 5.8 0.1
PY/0.4/m 5.5 5.7 5.7 5.6 0.1
PB/0.1/d 7.4 o Z 6.4 6.9 0.4
PB/0.2/d 6.1 o . 6.0 6.0 0.0
PB/0.3/d 6.2 - 6.3 59 04
PB/0.4/d 5.9 i ‘ 5.6 59 0.2
PB/0.1/m 76 7.3 74 0.1
PB/0.2/m 75 73 73 7.4 7.4 0.1
PB/0.3/m 7.2 7.3 - o 2 7.1 7.1 0.1
PB/0.4/m 6.4 ¢ 6.5 6.5 0.1
PR/0.1/d 6.6 3 6.2 0.4
PR/0.2/d 6.4 4 5.8 0.6
PR/0.3/d 6.0 5.9 59 0.1
PR/0.4/d 5.8 ¢ A8 5.6 0.4
PR/0.1/m ﬁ | 7y 7.8 0.2
PR/0.2/m 'j[ 0 7.1 0.1
PR/0.3/m 6.6 66, ‘8‘8| . 66 .87 0.1
PR/O.a W ¥a m G | B 3 3 0.1
- (mopE)/dorr 4.0 3.9 3.9 3.8 3.9 3.9 0.1
PY/0.4/r 3.8 35 3.6 3.6 36 36 0.1
PB/0.4/r 3.8 3.8 4.2 3.8 3.8 39 0.2
PR/0.4/r 4.0 4.1 3.8 4.1 4.0 4.0 0.1

* Type / Content / Technique
Type of pigment (PY = PY83, PB = PB15, and PR = PR122),

Content of pigment (0.1, 0.2, 0.3, and 0.4 phr), and

Blending Technique or Manufacturing Process

(d = dry blending technique, m = melt blending technique, and r = Rotational Molding)
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Appendix F

Physical Properties Characterization

F. Melt Flow Index (MFI)

Table F Melt flow index (g / 10 minutes) of colored MDPEs

Sample* Mean SD
1 2 5
- (MDPE)/0.0/d 4.30 42 424 4.26 0.03
PY/0.1/d 421 4 4.24 4.23 0.02
PY/0.2/d 4.27 | 4.26 4.26 0.02
PY/0.3/d 4.28 2 4.30 4.29 0.01
PY/0.4/d 431 4 43 4.33 4.32 0.01
PY/0.1/m 4.28 4, 4.29 4.30 0.02
PY/0.2/m 4.32 '3 - 4.29 4.30 0.01
PY/0.3/m 4.30 4 428 429 0.01
PY/0.4/m 428 2 4.30 428 0.01
PB/0.1/d 4.32 4 : = 4. 429 4.30 0.02
PB/0.2/d 4.29 29 ey 35 4.32 4.32 0.03
PB/0.3/d 4.35 4, 4.38 435 0.02
PB/0.4/d 4374 5 4.37 0.01
PB/0.1/m 4.32 32 4.34 0.02
PB/0.2/m 433 4.38 437 0.02
PB/0.3/m 4.29 431 436 4.36 4.31 4.33 0.03
PB/0.4/m 0.02
PR/0.1/d 3 0.01
PR/0.2/d Vs 0.02
0.02
‘ 0.04
PR/0.1/m 4.32 4.33 4.32 4.33 433 4.33 0.01
PR/0.2/m 4.31 4.31 433 4.8 430 4.31 0.02
PR/0.3/m 4.28 430 428 4.31 429 4.29 0.01
PR/0.4/m 4.28 429 4.29 429 423 4.28 0.02

* Type / Content / Technique

Type of pigment (PY = PY83, PB = PB15, and PR = PR122),

Content of pigment (0.1, 0.2, 0.3, and 0.4 phr), and

Blending Technique or Manufacturing Process

(d = dry blending technique, m = melt blending technique)
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